with Nesbitt's fluid. Subsequently, they were mounted on glass slides using Hoyer's medium (Table 1) . Different determination keys were used for identification of rodents [31] [32] , and ectoparasite species were identified based on keys which are available for Siphonaptera and Anoplura [33] [34] [35] [36] . Moreover, whole described species of fleas and lice were gathered by reviewing available published literature and were collated with the original data. Statistical descriptive analyses were performed via SPSS 16.0 (SPSS Inc. 2007).
Ethical statement
Animal care was performed in compliance with the "Guidelines for the care and use of laboratory and experimental animals", Rodentology Research Group, Ferdowsi University of Mashhad 37 .
RESULTS
In the present study, a total of 217 rodents collected from eight different localities in North and South Khorasan provinces, in northeastern and eastern Iran, re- Hamidi & Nassirkhani: Fleas and lice associated with rodents in Iran 28,434 km 2 and has moderate mountainous climate. The average temperature of Bojnourd, the capital of North Khorasan, is 17.8 °C in spring, 23.2 °C in summer, 8.6 °C in fall, and 3.6 °C in winter. South Khorasan province covers an area of 95,385 km 2 and has a semi-arid climatic condition in mountains and dry climate in plains and flat lands. The average temperature of Birjand, its capital city, is 21.9, 25.2, 11.3 and 7.5 °C in spring, summer, fall and winter, respectively.
Trapping was carried out in variety of habitats such as woodlands, meadows, sandy soils and rocky regions, deserts and semi-deserts, steppe regions, forests, parks, cultivated fields, farms and gardens spreading in Bojnourd, Faruj and Shirvan cities of North Khorasan province and Birjand, Ferdows, Nehbandan, Qaen and Sarayan cities of South Khorasan province throughout the year (Fig. 1) . Custom-made mesh live traps and "Faragir" live traps baited mainly with scorched sunflower and gourd seeds were used for trapping 30 . The trapped rodents were examined for ectoparasites on their body in the field and then, released at their trapping point. The animals which were found dead in the traps, were transferred to the laboratory for further taxonomic studies on their skull and teeth. Collected ectoparasites were fixed in 70% alcohol. The fleas and lice specimens which were dark in colour were cleared by soaking in potassium hydroxide and treated Table 1 . Total number of collected rodents (host), and fleas and lice reported to be harboured by them
Host species Fleas Lice Calomyscus elburzensis (14) Nosopsyllus iranus (9) -C. hotsoni (7) --Cricetulus migratorius (15) N. iranus (11) Polyplax asiatica (6) Ellobius fuscocapillus (6) --Microtus paradoxus (8) N. fasciatus (7) -Scarturus elater (13) --Meriones libycus (21) N. fasciatus (16) -M. persicus (27) N. faciatus (17) N. iranus (9) *Xenopsylla buxtoni (5) X. cheopis (20) P. paradoxa (13) Information about the capturing localities in which each ectoparasite species was found on its rodent host, and the number of collected ectoparasites are shown in Fig. 1 . The total number of each trapped rodent hosts, as well as collected fleas and lice are given in Table 1 .
Notes on checklist
The following list describes the principal hosts for each ectoparasite species, along with brief information about their significant records and medical importance (where available). All taxa (fleas and lice) are arranged alphabetically. An asterisk (*) preceding an entry indicates that the mentioned species is identified during the present study. . This genus can be also found on the other members of Muridae, Sciuridae (Rodentia) and Soricidae (Insectivora) families. The lice species of P. spinulosa is a typical species of this genus 34 .
Short descriptions and medical hazards
Diagnostic morphological characteristics (Figs. 2-5 ) and some notes on medical importance of two most common fleas (N. fasciatus and X. cheopis) and two lice (H. captiosa and P. spinulosa) species are given below:
Family: Ceratophyllidae Outer internal ridge of midcoxa present; pronotum with a course of pigmented spines; without rod-like link between based abdominal sternum and wetepimeron; metanotum with marginal spinelets seusilium flatin (females); genal comb (row of strong bristles) may be present/absent, but never consist spines near oral angle; tentorial arch absent, three bristles in outer row, upper bristle is in front of eyes, and sternum VIII of males reduced or vestigial.
Genus: Nosopsyllus
These fleas are recognized/distinguished from the other medically important genera by the presence of a pronotal comb, a mesopleural rod and a well-developed pleural arch (located between the third thoracic segment and the abdomen); large eye; femur I with a number of lateral setae; inner surface of coxae II and III with fine setae; vestigial sternum VIII in males; movable finger; longer slender setae, and globular head of spermatheca.
Species: Nosopsyllus fasciatus
Labial palpus short, not extending to tip of coxa of first leg; pronotal comb present; two rows of bristles on typical abdominal segment; labial palps not extending beyond trochanter of first pair of legs; segments V of hind tarsi with five pairs lateral plantor bristles; process of clasper broad, the two sides meeting the truncate apex at about 90° angles, and sternite VII of females almost straight (Fig. 2) . 
Notes on medical importance:
The northern rat flea (N. fasciatus) is a cosmopolitan species and is the ectoparasite of a number of rodent species. Although this species uses rats as primary hosts, it also feeds on humans when necessary, and causes irritation and swelling (from the flea bites). This flea can be vector of Y. pestis, or plague bacteria. Signs and symptoms of plague disease include enlarged, painful lymph glands, chills, fever, and prostration in case of bubonic plague (inguinal bubo); fever, chills, abdominal pain, diarrhoea, shock, generalized pain, arterial hypotension, rapid pulse, bleeding into skin and other organs, anxiety, slurred speech, mental confusion, prostration in septicaemic plague; and cough, fever, chills, difficulty in breathing, rapid shock and death (if not treated early) in pneumonic plaque. Cool temperatures facilitate transmission of the pathogen. Fatality rate of about 50-60% occurs in untreated bubonic plague. This species can spread other human diseases such as salmonellosis caused by Salmonella sp. and sleeping sickness caused by Trypanosoma sp 50 .
Family: Pulicidae Outer internal ridge of mid-coxa absent; inner side of hind coxa with spiniform bristles; abdominal terga II-VI with a single row of bristles; with two well-developed compound eyes; with or without genal comb.
Genus: Xenopsylla
Comb of genal spines absent (a single genal spine may be present); anterior margin of head rounded; pleural rod of mesothorax present. Hamidi & Nassirkhani: Fleas and lice associated with rodents in Iran Species: Xenopsylla cheopis Genal and pronatal combs absent; front margin of head rounded (three thoracic tergites together longer than the first abdominal tergite); thorax normal (not contracted); mesopleuron divide by vertical rod-likes thickening (rod-like sclerotization); ocular bristle inserted in front of eye; one row of bristles on typical abdominal segment, and female with spermatheca partially pigmented (Fig. 3) .
Notes on medical importance:
Murine typhus (endemic typhus) and plague are zoonotic diseases transmitted by the flea bite, mainly Oriental rat flea, X. cheopis. Murine typhus is a form of typhus caused by the bacteria Rickettsia typhi. General signs and symptoms are usually fever, generalized pains and myalgia, coughing, nausea, vomiting, severe cephalalgia, and nervousness. Like N. fasciatus, this flea can also be vector of Y. pestis and cause plague disease [50] [51] .
Family: Hoplopleuridae Abdomen with poorly defined plates or without plates; abdomen without spiracles or parallel rows of setae (nymphus); lateral plates large, and emarginated posteriorly, and segment II of antenna longer than wide.
Genus: Hoplopleura
Paratergites of abdominal segments III-V bilobate; paratergite of abdominal segment III with one short apical seta or a pair of long setae; paratergite of abdominal segments VII-VIII with or without distinct apical lobe; Sternal plate II not divided medially; thoracic sternal plate heart-shaped with a rounded anterior process or not heart-shaped but with short anterior and long posterior processes; abdominal spiracles small to unusually large, and diameter < 0.020 to > 0.030 mm.
Species: Hoplopleura captiosa
Head and thorax with only a few setae; without eyes or occular points; parategral plates on at least one abdominal segment usually as long as, or at least as long as the sternal plate; first pair of legs smallest; the second pair with stouter claws than others; abdomen with lateral plates; two groups of 2 or 3 stout spines present at the base of the abdomen; antennae fire-segmented; third leg without bladder-like expansions; first sternite of abdominal segments extended laterally to articulate with its corresponding paratergal plate, and abdominal sternite I with two groups of 2 or 3 stout setae (Fig. 4) .
Notes on medical importance: Hepatozoon sp. as an apicomplexan protozoan parasite of rodents has been reported from the sucking lice Hoplopleura, which may act as vector of this agent to their rodent hosts. Clinical signs of Hepatozoon infections include fever, depression, anorexia, hyperesthesia, weight loss, pallor, chronic inflammation, glomerulonephritis, amyloidosis and myositis. In addition, a non-regenerative anaemia and a neutrophilic leukocytosis are the most common clinicopathologic findings [52] [53] .
Family: Polyplacidae
Abdomen with poorly defined plates or without plates; abdomen without spiracles or parallel rows of setae (nymphus); lateral plates small, and segment II of antenna as long as wide.
Genus: Polyplax
Sternal plate of thorax usually pointed posteriorly or if truncated, always associated with a huge enlargement of the first antennal segment; abdomen with well-defined ventral, lateral and dorsal plates; lateral plates small, subtriangular; segment II of antenna as long as wide; without eyes or ocular points; abdomen with lateral plates, and front of sternal plate not rounded.
Species: Polyplax spinulosa
Rounded head with two five-segmented antennae; ventral thoracic plate with pentagonal shape; abdomen with about seven lateral plates on each side and 7-13 dorsal plates; third segment of the male antennae provided with a pointed apophysis; paratergal plate IV with short or subequal setae, and paratergal plates III-V with only dorsal apical reduced angle produced into a point (Fig. 5) .
The spined rat louse, P. spinulosa, is a blood sucking louse which has been reported as a biological vector of a number of infectious agents (bacteria, viruses, and several protozoan species). Clinical signs of heavy infestation include anaemia, dermatitis, unthrifty appearance, scratching, and small skin wounds. In addition, it may serve as a vector of Mycoplasma sp. (chronic respiratory disease: CRD), R. typhi (murine/endemic typhus), Trypanosome sp. (human African trypanosomiasis, also known as sleeping sickness), Borrellia sp. (borreliosis) and Brucella sp. (brucellosis) 54 .
DISCUSSION
Most of rodents are considered as possible reservoirs for different zoonotic diseases. They can carry serious pathogens (bacteria, viruses, fungi and parasites) that cause infectious diseases in humans which range from commonly fatal (such as bubonic plague and rabies), to the relatively trivial or with low fatality rate (e.g. skin mange or salmonellosis). These infectious pathogens/agents can be carried by arthropods/ectoparasites (fleas, lice, mites, ticks, flies) or may show direct transmission from animals to humans (mainly in the case of viral diseases such as hantaviruses). Wide range of zoonotic diseases is spread by the infected droppings and urine of small mammals, mainly rodents 6, 55 . Hence, identification of ectoparasitic fauna of rodents is very important in the way to conquer this great concern.
In the present study, several rodent's species were collected from two provinces in the northeast and eastern Iran. Results showed that the most common trapped rodent belongs to the species Mu. musculus (17.05%) and the least captured is R. pyctoris (0.46%). The examined fleas during this study belonged to two families (Ceratophyllidae and Pulicidae). Spermophilus fulvus was the most prevalent rodent infested by these fleas (on average 3.8 fleas per host individual) and Rh. opimus with on average 0.3 fleas per host individual showed the lowest flea infestation. Furthermore, several louse species belonging to families Hoplopleuridae and Polyplacidae were recorded during the field expeditions. Rattus norvegicus and T. indica showed highest (on average 1.6 lice per host individuals) and lowest (on average 0.3 lice per host individuals) infestation by lice, respectively. These results revealed that harbouring of fleas is more common than lice (more than twice) in rodents distributed in northeast and eastern Iran which is in accordance with author's previous study. According to Moravvej et al (2016) 25 , the prevalence rate reported for rodent's infestation by fleas and lice in Razavi Khorasan province was 44.57 and 24.09%, respectively.
The three species of fleas (Ct. pseudagyrtes, N. iranus and X. buxtoni) and two species of lice (P. gerbilli and P. spinulosa) are recorded for the first time from rodents distributed in the east and northeastern parts of Iran.
The east of Iran is the point of direct contact between two cradles of endemism, northeastern Iran and Turkmenistan 56 . Topographic situation and climatic conditions play an important role in distribution of rodents in this area and consequently their ectoparasitic fauna. The associations of rodents and their ectoparasites with human habitation, as well as host-ectoparasite coevolution and the role of rodents and their ectoparasites affinity in the life cycle of emerging new infections, are considered as important issues in epidemiological and zoonotic investigations 5, 6, 25 . Transferring of pathogens between species (animals and humans) and spreading zoonotic diseases to new areas simply occurs via moving the animals from one place to another, e.g. for feeding or nesting. In these conditions, the infection may pass to other animals or may be acquired by human with direct or indirect contact to animals. Poor living conditions precipitate the outbreak of pathogens of human health importance carried by infected animals.
To overcome these problems, increasing the knowledge on rodent's distribution pattern and population structure as well as their associated parasites, the way of dealing with the probable pathogen, eliminating them early and promptly and also preventing the entry of most pathogens into human facilities through health monitoring programs, are among important efforts in preventing zoonoses emergence and development 57 . Most of the species of Anoplura (about 71%) which have been currently described are collected from rodent's body 53 . Understanding the diversity of ectoparasite species harbouring rodents would provide valuable insights into their roles in the control of host populations. For example, sucking lice are widely distributed around the world and generally considered as highly hostspecific parasite, for major groups of eutherian mammals.
CONCLUSION
Based on the original data of this study and its collation with related published records, an annotated checklist of 79 species of fleas and 8 species of lice harboured by different species of rodents in Iran was generated, which would be helpful in different taxonomic studies such as parasite-host coevolution, and also sanitation and health monitoring programs. There are several difficulties in finding some of the small-sized ectoparasites such as lice and mites on rodent's body and/or between their hair, as compared with collecting large ectoparasites (e.g. fleas and ticks); which subsequently makes their identification more difficult. Further taxonomic studies focused on the estimation of diversity of such small ectoparasites are therefore necessary for accurate estimation of their prevalence in the rodents and prevention of disease transmission. Monitoring the rodent's population and their ectoparasites is recommended to ascertain the role of rodents in the life cycle of emerging new infestations in Iran.
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